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CALIBRATION TECHNIQUE FOR ELECTRIC MOTOR 



Technical Field 

This invention relates, generally, to calibration techniques for velocity 
controllers, and more specifically, to such techniques as applied to electric 
motors used in printers. 

5 

Background Art 

Computer printers used a variety of motors to actuate pumps, move 
components, and perform many other functions. In one type of configuration, a 
Pulse Width Modulated (PWM) signal is supplied to a DC motor. The DC 

10 motor may be used, for example, to power a mechanism that primes and purges 
the print head. In such an application the mechanism will have a well-defined 
travel path and pre-set hard stops. 

With these conditions, it is important that the PWM signal is sufficient 
so that the motor moves the mechanism to its various stops. However, if the 

15 PWM signal is too strong the motor can move the mechanism too quickly. 
These movements can cause ink to be thrown off of the mechanism or can 
cause damage to the mechanism or other components. 

To control the speed of motors one can employ a proportional integral 
controller which uses a feedback system based on the motor speed. However, 

20 the sensors used to detect the speed can be expensive and can add to the 
sophistication of the overall system. In low-cost applications these sensors can 
also create a degree of velocity control and position control which is beyond 
the requirements of the application. In the printer purge application one is 
concerned about the motor having velocity in a proper range. However, precise 

25 velocity control and precise position control are not as great a concern as they 
might be in other applications. 

It is possible to have sufficient control over a motor for printer purge 
applications without using expensive sensors. With the addition of an adequate 
technique to overcome measurement noise, motor variation, and load 
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variations, a feedback system based on the current in the motor can be 
satisfactory. However, no known system based on current sensing only can 
achieve the necessary results without the use of a relatively expensive motor. 

What is needed in the printer purge and other similar applications is a 
calibration technique which enables a velocity controller to overcome the 
limitations of inexpensive motor designs, particularly 3 -pole DC motors, so as 
to permit sufficient velocity control to keep the motor within a range that 
prevents undesirable consequences but which does not require expensive 
sensors. 

Disclosure Of Invention 

It is an object of the present invention to provide a calibration technique 
for electric motor velocity controllers which allows for relatively precise 
control over inexpensive motor designs. 

It is another object of the present invention to provide a calibration 
technique for velocity controllers using current sensing only. 

It is another object of the present invention to provide a calibration 
technique for velocity controllers which do not require the use of optical or 
other sophisticated sensors. 

It is another object of the present invention to provide a calibration 
technique that will enable a velocity controller to operate properly in the 
presence of measurement noise, motor variations, and load variations. 

A calibration technique for electric motor velocity controllers is 
provided. The method gives velocity controllers that are limited to current 
sensing only a level of accuracy sufficient for many applications, even when 
utilizing inexpensive motors. 

The invention is based on the concept that variations in the motor 
parameters and the current sensing circuitry cause variations in the apparent 
resistance of the motor. By identifying the true value of the apparent 
resistance, the mapping function can be adjusted for optimum performance. 
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This is accomplished through the application of a specific cycle of pulse-width 
modulated voltages (PWM), as is explained more fully below. 

An advantage of the invention is that it eliminates the need for optical or 
other more complicated velocity sensors. 
5 A further advantage of the invention is that it enables a velocity 

controller using current sensing only to sufficiently direct relatively 
inexpensive motors. 

A further advantage of the invention is that it enables a velocity 
controller to operate properly in the presence of measurement noise, motor 
10 variations, and load variations. 

These and other objects, advantages, and features of this invention will 
~£ be apparent from the following description. 

w 
si 

iQ 15 Brief Description of the Drawings 

Figure 1 is a graph showing a complete calibration cycle according to a 
preferred embodiment of the invention. 

Figure 2 is a zoomed view of the first two segments of the above 
calibration cycle. 

20 Figure 3 is a zoomed view of the final segment of the above calibration 

cycle. 

Best Mode For Carrying Out the Invention 

A . common way to determine the velocity at which at a motor is 
25 operating is to measure the back EMF in the motor, which is directly 
proportional to its velocity. The two values are related by the back EMF 
constant of the motor, a known value. 

Using the simple relationship of Ohm's Law, the back EMF can be 
determined through measuring the current in the motor. However, in order to 
30 accomplish this, an accurate estimate of the resistance of the motor must be 
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made. The apparent resistance will vary according to the temperature of the 
windings, variations in the circuitry, and other factors. 

The apparent resistance is determined according to the invention by 
taking numerous current samples as described below. From these 
5 measurements, a voltage/current curve is generated. This curve is used to 
generate a mapping function for use in the velocity controller, which accounts 
for any variations in the apparent resistance of the motor. 

When the motor is moving, back EMF is generated in the motor. The 
greater the back EMF, the more error is introduced because back EMF is 
10 assumed to be zero in constructing the calibration curve. Therefore it is vital 
that that the motor not be moving at significant speeds when the current is 
measured. 

Measurement Of the current with the motor stopped is not an acceptable 
option because certain inexpensive motors, particularly 3-pole DC motors, 
*Q 15 exhibit a wide variation in resistance depending on position of the rotor. This 
variation is caused when a brush spans two commutator segments, effectively 
causing no current to flow in one of the windings. Without the use of 
equipment to sense the position of the rotor, any measurement of the current 
while the motor is stopped is of dubious value. Therefore, the current must be 
20 measured while the motor is moving to obtain accurate readings. 

The solution to this problem is to measure the current in the motor when 
it is moving very slowly and to use an average of multiple measurements. 
Also, in a preferred embodiment the PWM versus current curve includes a 
range of PWM values to insure accuracy at all points on the curve. Low PWM 
25 values are particularly important due to mechanical and other factors. 

Figure 1 shows a complete calibration cycle according to a preferred 
embodiment of the invention, which will provide an accurate voltage/current 
curve. The figure shows five identical segments followed by one additional 
segment. To begin, the PWM duty cycles of interest must be determined. In 
30 Figure 1, the values used are 10%, 32%, 44%, 53%, 61%, 68%, 74%, and 80%. 
This spread is a typical example of a preferred embodiment of the invention as 
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it provides sufficient measurements over the range of possible values of the 
PWM duty cycle. To insure accuracy in the range of small PWM duty cycles, 
more measurements are taken at low values of PWM. 

Although the preferred embodiment utilizes pulse-width modulated 
5 voltage, direct current can also be used. The average voltage applied to the 
motor will be the same. Previously, the cost of direct current systems did not 
compare well to PWM systems, but improvements in the technology have 
made them comparable. 

For the PWM voltage application, starting at time zero, an 80% duty 
10 cycle is pulsed for two milliseconds. This is the startup PWM duty cycle. A 
chopping period of around 50 microseconds is effective and does not create a 
significant amount of audible noise. Other periods may be used, however. An 
80% duty cycle is used here, but any value sufficient to guarantee motion of the 
motor, which is required by the variability in the resistance of the motor at a 
*Q 15 stopped position, will work. Then, the first three duty cycles are tested, 
running through each in succession, and repeating five times. 

Figure 2 shows a zoomed view of the first two of five segments of a 
preferred embodiment where small PWM duty cycles are tested. Following the 
initial 80% cycle, a first test of the lowest chosen duty cycle (10%) is 
20 performed. It is desirable to perform the tests in order from low duty cycles to 
high duty cycles. The first test consists of eight distinct periods. Each period 
is a series of pulses over a two-millisecond time span. A two milliseconds 
period is used in the example, but this can be varied. Between each period, the 
polarity is shifted to alternate between +10% and -10%, and the current is 
25 measured during each. The current should preferably be measured multiple 
times during each period to obtain the smoothest results. Also, it is desirable to 
take the measurements near the end of the period so that the motor is 
approaching steady-state for that particular PWM. 

Following these eight periods, the next duty cycle is tested. This 
30 consists of eight more periods at 32%, alternating between positive and 
negative, as before. The current is again measured during each period. Then 
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the 44% duty cycle is tested in exactly the same way, taking the appropriate 
current measurements. 

This completes the first segment. The process is repeated five times, 
with each segment beginning with an 80% pulse to ensure motion of the motor. 
5 Thus far in the process, forty periods of each duty cycle will have passed. The 
number of measurements of current in the array will be forty times the number 
of samples taken during each period. The samples are summed and then scaled 
to a conveniently usable value. 

Following the first five segments of the calibration cycle, the entire 
10 range of PWM duty cycles is tested. This is seen most clearly in Figure 3, 
which is a zoomed view of the sixth and final segment. As before, each of the 
Q low duty cycles is pulsed for eight periods, alternating between positive and 

d negative values. The current is measured during each period. The high duty 

P cycles are pulsed for ten periods. The last 20 milliseconds of Figure 3 show a 

^ 15 waveform designed to return the motor to its initial stop position, which is 

l : 1 

desirable but not required. 

The current values measured for each duty cycle are summed and stored. 
The entire calibration routine is then repeated three times, recording an 
independent array for each run. For each duty cycle, this leads to three arrays 
^ 20 and three values for the scaled current. The lowest of the three values should 
be selected as this corresponds most closely to the average current in the motor. 
Then, by plotting each PWM versus its measured current, the proper mapping 
function is determined, leading to greatly increased precision of control. The 
mapping function is used to estimate the velocity of the motor at any given 
25 time, using current-sensing only. Although the specifics of the velocity 
controller are beyond the present invention, this calculation may be facilitated 
by the use of fuzzy logic methods. 

The values for the duty cycles used above are not required, but instead 
are provided merely by way of example. The use of eight values provides 
30 enough PWM versus current pairs to properly determine the mapping function. 
More or fewer values can be used as demanded by an individual application. 
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The period width of two milliseconds is similarly not required, although it is a 
preferred embodiment. 

After the calibration above has been completed, only a small calibration 
may be required at the beginning of each operational motor movement. A 
sufficiently large PWM, such as 60%, is applied, and the current is measured. 
This will check for variables such as motor heating. The table entries 
previously generated are scaled linearly based on this measurement. 

There are, of course, other alternate embodiments which are obvious 
from the foregoing descriptions of the invention, which are intended to be 
included within the scope of the invention, as defined by the following claims. 



